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To explain the high-energy astrophysical neutrino flux with energies ∼
PeV recently observed by IceCube collaboration and the relic abundance
of DM in the Universe, we consider the minimal 4-dimensional operator ∼
yαχLLα H χ. The cosmological background is assumed to evolve according
to f(T ) cosmology, where T is the scalar torsion.
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1 Introduction
The IceCube Collaboration [1] has recently reported several events of neutrinos with
energies of the order of PeV. Candidates for the generation of such neutrino high
energy events could be various astrophysical sources [2]. Till now, however, there are
no clear correlations with the known astrophysical sources (SNe remnants or AGN [3]).
Other interesting ideas assume that neutrinos could arise from the decay of PeV mass
Dark Matter (DM) [4]. Besides this topic, another interesting question is whether it is
possible to explain both the PeV DM relic density (i.e. ΩDMh
2
∣∣∣
obs
= 0.1188± 0.0010
[5]) and the decay rate required for IceCube with only one operator. The minimal
DM-neutrino 4-dimensional interaction we consider is y L·Hχ [4]. In the framework of
the comsological standard model, this operator fails to account for both the PeV dark
matter relic abundance and the decay rate required to explain IceCube. We therefore
consider the possibility that Universe evolves according to modified cosmology that
consist in an extension of Einstein’s theory (see for example [7]). In these models,
the expansion rates H of the Universe can be written in terms of the expansion rate
HGR of General Relativity (GR) [8]
HMC(T ) = A(T )HGR(T ) , A(T ) = η
(
T
T∗
)ν
, (1)
where T∗ is a reference temperature, and {η, ν} free parameters that depend on the
cosmological model under consideration [8]. To preserve the successful predictions
of BBN, one refers to the pre-BBN epoch since it is not directly constrained by
cosmological observations.
2 PeV neutrinos and modified cosmology
The simplest 4-dimensional operator that allows to explain the IceCube high energy
signal, is
Ld=4 = yαχLLα H χ , α = e, µ, τ , (2)
where χ is the DM particle that transforms as χ ∼ (1, 1, 0) of SM, H ∼ (1, 2,+1/2) is
the Higgs doublet, LLα ∼ (1, 2,−1/2) is the left-handed lepton doublet corresponding
to the generation α(= e, µ τ), and finally yαχ are the Yukawa couplings. We consider
the freeze-in production [6, 4], i.e. the DM particles are never in thermal equilibrium
since they interact very weakly, but are gradually produced from the hot thermal
bath. As a consequence, a sizable DM abundance is allowed until the temperature
falls down to T ∼ mχ (temperatures below mχ are such that DM particles phase-space
is kinematically difficult to access).
Denoting with Yχ = nχ/s the DM abundance, where nχ is the number density of
the DM particles and s = 2pi
2
45
g∗(T )T 3 the entropy density, the evolution of the DM
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Figure 1: For fixed values of η = 1 and βT , the values of Π needed to explain DM
relic abundance and IceCube data follow for nT . 0.25.
particle is governed by the Boltzmann equation dYχ
dT
= − 1
HTs
[
gχ
(2pi)3
∫
C d
3pχ
Eχ
]
where H
is the expansion rate of the Universe and C the general collision term. In modified
cosmology, the DM relic abundance is given by [9]
ΩDMh
2 ' 0.1188
∑
α |yαχ|2
7.5× 10−24 Π , where Π ≡
23+ν
3piη
(
T∗
mχ
)ν
Γ
(
5 + ν
2
)
Γ
(
3 + ν
2
)
.
with ν > −3. Π accounts for all corrections induced by modified cosmology. To
explain the DM relic abundance and the IceCube data, we require∑
α |yαχ|2
7.5× 10−24 Π . O(1) . (3)
Consider the model SI =
1
16piG
∫
d4xe [T + f(T )], where f(T ) = βT |T |nT (f(T ) is a
generic function of the torsion T ). In such a case [9], one gets (see Eq. (1))
T∗ ≡
(
24pi3g∗
45
) 1
4
(2nT + 1)
1
4(1−nT )
(
βT
GeV2(1−nT )
) 1
4(1−nT )
(
MPl
GeV
) 1
2
GeV , (4)
η = 1 and ν = 2
nT
− 2. For a(t) = a0tδ, i.e. H = δt , it follows T (t)a(t) = constant.
The transition temperature T∗ given in (4) has to be used into Eq. (3). In Fig. 1 is
plotted (3) for the f(T ) model. The value of βT is obtained by fixing the transition
temperature at T∗ ∼ 1011 − 109GeV, that is T∗  mχ.
3 Conclusions
In this paper we have studied the possibility to reconcile the current bound on DM
relic abundance with IceCube data in terms of the 4-dimensional operator (2). We
2
have shown that modified gravity models can explain the IceCube outputs and at the
same time the DM relic abundance observed in a minimal particle physics model. We
have considered cosmological models related to torsion T .
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